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In this paper proof will be brought that lactase and lipase enzymes 
are endocellular constituents of the colon bacillus.  While the colon 
bacillus is only on occasion a pathogenic organism, it assumes impor- 
tance as  a  normal inhabitant of the intestines.  Knowledge of the 
mechanism  by  which  it  attacks  lactose  is  particularly  desirable 
because the fermentation of this sugar with production of acid and gas 
is the basis of its differentiation from the typhoid bacillus and other 
bacteria  causing  intestinal  diseases.  In the  present  investigation 
lactase  and  lipase were demonstrated by  the  lactose-splitting  and 
tributyrin-splitting properties of sterile solutions of the intraceUular 
substances of the bacilli. 
EXPERIMENTAL. 
Methods. 
Preparation of Colon Bacillus Enzyme Solutions.--The enzyme solution was pre- 
pared from typical colon bacilli.  Essentially the same procedure was employed 
as in the previously described preparation of enzyme solutions from other bacteria 
(1-4). 
A concentrated suspension of the bacterial cells was obtained from the surface 
growth of agar cultures; the bacteria were washed and resuspended in salt solution. 
The suspension was distributed into 15  X 200 ram. Pyrex tubes and subjected to 
repeated freezing and thawing as previously described  (1-4).  After about 250 
repetitions of the freezing process, microscopical examination showed that the 
majority of the cells had been at least partially disintegrated.  The material was 
then centrifuged at high speed and the supernatant fluid filtered through a Berke- 
feld filter. 
The final sterile solution was water-clear, but contained a considerable amount 
of dissolved bacterial substance as indicated by its coagulation when boiled.  This 
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solution of the dissolved intracellular  substance,  entirely devoid of formed cells or 
fragments, served as the enzyme solution. 
Sterility Controls.--After  filtration,  the sterility of the enzyme solution  itself 
was  proved  by  cultures  in glucose  broth.  No antiseptics  were  added  to the 
enzyme-substrate  mixtures;  the sterility  of each  was  controlled  by  cultural 
methods. 
Lactose-Hydrolyzing  Property  of Sterile  Solutions  of Colon  Bacterial 
Substances. 
The principal object of the experiment was to determine whether or 
not the sterile solution of the intracellular substances of colon bacilli 
possessed the property of hydrolyzing lactose.  Since living cultures 
of the colon bacillus produce acid and gas from lactose, tests were also 
TABLE I. 
A clion upon Lactose of Sterile Solutions of lke IntracelluZar  Substances 
of Colon Bacilli. 
Test mixture 
Lactose plus active (unheated) bacterial solution  .... 
Lactose plus heat-inactivated bacterial solution  ..... 
Lactose h~drotysis 
Changes in pH due to 
dysentery bacillus fer- 
mentation of hexoses 
prevlousl~, formed by 
colon hac~llus enzyme 
ApH 
1.4 
0.0 
~sction on hexose 
products 
Acid or ]gas pro- 
duction 
made  to  determine  whether  or  not  the  sterile  bacterial  solution 
possessed  the  property  of  formation  of  acid  or  of  gas  either  from 
lactose or from the hexoses yielded by its hydrolysis. 
Since lactose is a reducing sugar, its hydrolysis  was tested by a biological method 
(described in detail  in preceding papers (1, 2)), which is based upon the acid fer- 
mentation of hexoses by bacteria which do not ferment the particular disaccharide 
from which the hexoses are derived.  1.0 cc. of each of the test and control hydroly- 
sis mixtures was put into a sterile Pyrex tube; 1.0 cc. of a suspension of non-lactose- 
fermenting dysentery bacilli was then added to the different tubes.  These mixtures 
(equal portions of the original enzyme-substrate  mixtures  plus  the bacterial  fer- 
menting agent)  were incubated at 38°C. for 1 hour after which the bacteria were 
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pH estlm~tious of the dear supernatant fluids.  Sufficient controls were included 
to limit all changes in reaction of the fermentation test mixtures to acid produced 
by the dysentery bacillus fermentation of hexoses previously split from the lactose 
by the active colon  baA'.illus  enzymes. 
The original  enzyme-substrate  mixtures were sealed  with vaseline  during their 
incubation and tested for acid or gas production  immediately  before the tests for 
lactose hydrolysis. 
The results  are surnma~ in Table I. 
The results of these tests showed that the sterile bacterial solution 
possessed the property of hydrolyzing lactose but was devoid of the 
property of forming gas or acid either from lactose itself or from the 
hexoses yielded by the disaccharide hydrolysis.  These data present 
experimental evidence of the possession  by the colon  bacillus of a 
heat-labile endoceUular lactose enzyme.  The capacity of  the sterile 
solution of intracellular substances to hydrolyze lactose and its lack 
of capacity to produce acid or gas from the hexose products  furnish 
another example of the distinction previously observed between  the 
properties of sterile bacterial solutions and the properties  of living 
cultures of the same bacteria  (1-6).  The capacity of acid and  gas 
fermentation  is  apparently  more  intimately  dependent  upon  the 
morphological integrity of the bacterial cell, for of the two reactions 
(disaccharide hydrolysis  and  hexose  fermentation)  involved in  the 
action of the living colon bacillus upon lactose, only the hydrolytic 
activity remains operative in the sterile filtered solution of the intra- 
cellular substances. 
Splitting  of Tributyrin  by Sterile Solutions of Intracellular Substances 
of Colon Bacilli. 
Tests  of  the  glyceride-splitting property  of  the  sterile  bacterial 
solution were made with tributyrin suspended in phosphate solution. 
As shown in Table II, the fat was hydrolyzed with acid production 
by the unheated bacterial solution and not by the heat-inactivated 
control.  This presents experimental evidence of the possession by the 
colon bacillus  of  a  heat-labile  lipase.  Since the  bacterial solution 
contained only intra~ellular substances derived from washed bacilli, 
the lipase of the colon bacillus is an endoceUular constituent of these 
bacteria.  In this respect it agrees with the lipases of pneumococci (7) 478  BACTERIAL  ENZYMES.  VII 
and Welch (3) and anthrax* bacilli, but differs from the lipase of the 
botulinus  bacillus which is  an extracellular substance  (2). 
DISCUSSION'. 
This paper reported a  demonstration of the presence of an  active 
lactase and an active lipase  (tributyrinase) enzyme in sterile, filtered 
solutions  of  the  intracellular  substances  derived  from  physically 
disintegrated  colon  bacilli.  The  lactose-splitting  and  tributyrin- 
splitting action operated in the entire absence of formed cells or cell 
fragments.  These  enzymes  represent  heat-labile  endocellular  con- 
stituents of the colon bacillus. 
TABLE  II. 
Splitting of Tributyrin by Sterile Solutions  of Colon Bacilli. 
Change in reaction 
Test mixture  due to splitting of 
tribu tyrin 
Tributyrin plus active (unheated) bacterial solution ................. 
Tributyrin plus heat-inactivated bacterial solution .................. 
Phosphate  solution  plus  active,  or  plus  heat-inactivated  bacterial 
solution ..................................................... 
Salt solution plus tributyrin solution ................................ 
ApH 
1.5 
0 
The demonstration  of  the  lactase  contributes  to  the  knowledge 
of the mechanism of lactose fermentation which is one of the most 
important  biochemical  activities  of  colon  bacilli.  It  is  commonly 
assumed that hydrolysis to hexoses is the first step in the fermentation 
of disaccharides by bacteria.  Evidence that this is true for a number 
of  different bacteria  has  been  furnished by  demonstrations  of  the 
presence in sterile bacterial solutions of the active hydrolyzing enzymes 
specific to the same disaccharides that  are fermented by  the living 
organisms  (1-6).  However, there is no evidence that it is  true  for 
all species of bacteria, and in fact a  number of authorities  (7)  have 
concluded that certain kinds of bacteria can attack complex sugars 
without  their preliminary hydrolysis.  It  is  desirable,  therefore, to 
* Unpublished experiments in this laboratory have proved that anthrax bacilli 
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obtain direct proof of the hydrolyzing enzymes rather than to assume 
their possession  by all bacteria that produce acid from the respective 
disaccharide.  Since the colon bacillus is the classical representative of 
the "acid-gas" group of sugar-fermenting bacteria, it is of particular 
interest  to obtain  direct evidence that  it possesses  an active endo- 
cellular lactase.  The  fermentation  of  lactose  is  the  basis  of  the 
distinction of colon bacilli from the pathogenic bacteria of intestinal 
infections  and  the  lactase  enzyme  acquires  importance  as  being 
responsible for the first step in this process. 
SUMMARY. 
Colon  bacilli  possess  endocellular  heat-labile  lactase  and  lipose 
enzymes which remain operative in  sterile filtered solutions of the 
intracellular substances  obtained through  physical disintegration of 
the bacillary bodies.  The demonstration of the lactase and detection 
of the hexose products of its action constitute experimental evidence 
that hydrolysis of the disaccharide is the first step in the fermentation 
of lactose by colon bacilli. 
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